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The present study focused on the proteomic study of phytoplankton to Fe 
limited conditions. It was found that marine phytoplankton Prymnesium parvum 
employ several strategies to compensate Fe stress. It was found that marine 
phytoplankton biosynthesize different proteins under low total Fe and ligand-
induced Fe-limited conditions. To understand responses of phytoplankton to Fe 
deficiency, responses to nitrogen and phosphate deficiency were also studied and 
was found that several proteins were differentially expressed in marine 
phytoplankton P. parvum in response to different exposure levels of nitrate, 
phosphate and iron. The expression levels of an 83 kDa protein in P. parvum can be 
used as biomarker of N-status, while a 121 kDa protein can be used as a biomarker 
of P-deplete condition in aquatic systems. In addition, two protein can be used as 
biomarker of Fe-status (deplete or replete conditions) in aquatic systems. Under Fe-
limited condition, P. parvum may increase Fe uptake efficiency by increasing ABC 
transporters. Under Fe-limited condition, the phytoplankton may also increase 
photorespiration which needs high metabolic energy. The phytoplankton may satisfy 
the demand of high metabolic energy (for photorespiration and ABC transporter) by 
increasing ATP synthase in chloroplast. Fe stress may cause oxidative stress in 
phytoplankton which is thought to be defended by up-regulating oxidative stress 
response proteins MnSOD and STK. Carbohydrate degradation and glycolytic 
activity was thought to be increased under Fe-limited conditions. Marine 
phytoplankton P. parvum also alters its cellular biochemical processes by up-
regulating several proteins involved in photosynthesis. The phytoplankton also 
increased biosynthesis of some PSII component proteins under Fe-limited conditions. 	  
Experiment 1: 
In the first experiment, growth and proteomic responses of three marine 
phytoplankton strains (Pleurochrysis roscoffensis, Prymnesium parvum and 
Skeletonema marinoi-dohrnii complex) under Fe limitation by low total Fe and 
ligand induced Fe limitation condition were studied. Compared to Fe-rich conditions 





Fe-limited condition (Fe = 0.07 µM for P. roscoffensis and S. marinoi-dohrnii 
complex, and Fe = 0.03 µM for P. parvum). The marine phytoplankton express 
different proteins under Fe-limited and Fe-rich conditions and the protein expression 
differ among the phytoplankton. In low total Fe condition, P. parvum expressed 
three proteins (19, 32 and 42 kDa), which were very similar to those expressed by P. 
roscoffensis in the same condition. In addition, S. marinoi-dohrnii complex 
expressed a 55 kDa protein, which was not expressed by the other phytoplankton in 
low total Fe condition. The phytoplankton expressed different proteins under ligand 
induced Fe-limited conditions. Both P. parvum and S. marinoi-dohrnii complex 
expressed a common protein (19 kDa), while S. marinoi-dohrnii complex produced 
an additional protein of 33 kDa under desferrioxamine B (DFO-B) induced Fe-
limited conditions. A 19 kDa protein was expressed by P. roscoffensis under low 
total Fe and ligand-induced Fe-limited conditions; however, the P. roscoffensis 
expressed a new protein of 27 kDa under diethylenetriamine-N,N,N',N",N"-
pentaacetate (DTPA) induced Fe-limited conditions instead of the 33 kDa protein 
that was expressed under low total Fe and DFO-B-induced Fe-limited conditions. 
The results indicate that marine phytoplankton alters their Fe acquisition strategy 
under low total Fe and ligand-mediated Fe-limitations by expressing different 
proteins.  
Experiment 2: 
Nitrogen (N), phosphorus (P) and Iron (Fe) are important nutrients for 
phytoplankton, and are key limiting nutrients in marine systems. In the second study, 
growth and protein expression of marine phytoplankton Prymnesium parvum under 
different nitrate, phosphate and iron conditions were investigated in order to 
evaluate whether proteins and their expression level can be used as biomarker of N, 
P, and Fe conditions in aquatic systems. The growth of P. parvum increased with the 
increase of nitrate, phosphate and iron concentrations in the culture medium. Protein 
expression levels also differed significantly (p < 0.001) for different nitrate, 
phosphate and iron conditions in the culture medium. The expression level of an 83 





those at 20, 30, 50 and 100 µM nitrate treatments, indicating the expression levels of 
this protein as a biomarker of N status in the culture medium. A 121 kDa protein 
was expressed at phosphate stress conditions ([P] ≤ 1.0 µM), while this protein was 
not expressed at phosphate replete conditions ([P] ≥ 5 µM). Therefore, the 
expression of 121 kDa protein in P. parvum is indicative of phosphate deplete 
condition in aquatic systems. The expression level of a 42 kDa protein was 
significantly higher (p < 0.01) at Fe-stress condition ([Fe] = 0.01 µM) than Fe-
replete conditions ([Fe] ≥ 0.1 µM). In addition, a new protein of 103 kDa was only 
expressed under Fe-deplete condition ([Fe] = 0.01 µM). Therefore, the 42 and 103 
kDa proteins can be used as a biomarker of Fe-limitation condition of aquatic 
systems. However, further studies (two dimensional gel electrophoresis and mass 
spectrometry) are needed to identify and characterize these proteins in P. parvum. 
Experiment 3: 
Iron is a vital limiting factor for phytoplankton in vast regions of oceans, 
notably the high nutrient low chlorophyll (HNLC) regions. Therefore, it is needed to 
be acquainted with the adaptation mechanisms of marine phytoplankton under Fe-
limited condition. In third experiment, Prymnesium parvum was grown under Fe-
deplete (0.0025 µM) and Fe-rich (0.05 µM) conditions, and proteomic responses 
were compared. Compared to 0.05 µM Fe concentration (Fe-rich condition) P. 
parvum showed substantially reduced growth under 0.0025 µM Fe concentration 
(Fe-limit condition). In sodium dodecyl sulfate gel electrophoresis, 7 proteins (16, 
18, 32, 34, 75, 82, and 116 kDa) were highly expressed under Fe-deplete condition, 
while one protein (23 kDa) was highly expressed under Fe-rich condition. The 
proteins were subjected to 2-dimensional gel electrophoresis to differentiate 
individual proteins, and were identified by MALDI-TOF-MS analysis. The results 
showed that under Fe-deplete condition P. parvum increases the biosynthesis of 
ABC transporters and a flagellar associated protein which may change their Fe 
acquisition strategy in order to facilitate Fe acquisition under Fe stress condition. 
Under Fe-deplete condition, P. parvum increases the synthesis of RuBisCO and/or 





synthase, malate dehydrogenase, glycosyl hydrolase, glyceraldehyde-3-phosphate 
dehydrogenase, and two Fe-independent oxidative stress response proteins, MnSOD 
and Serine threonine kinase. These proteins are assumed to be involved in a number 
of cellular biochemical processes, such as photorespiration, glycolysis followed by 
degradation of stored polysaccharides, and managing of iron limitation induced 
oxidative stresses that facilitate marine phytoplankton to cope with Fe-limitation. 
Experiment 4: 
Iron (Fe) is essential for photosynthesis, a process used by autotrophic 
organisms to convert light energy into chemical energy, of autotrophic organisms. 
Fe limitation may influence the growth and productivity of microalgae by reducing 
photosynthetic efficiency. In the fourth experiment, the effect of Fe-limitation on 
growth and photosynthetic activities of marine microalga (Prymnesium parvum) 
were investigated. Marine microalga P. parvum was grown in f/2 medium in 
artificial seawater under Fe-limit (0.0025 µM) and Fe-rich (0.05 µM) conditions. 
Compared to Fe-rich condition (the highest of 156 cell mL-1 d-1 at 10th day), P. 
parvum showed substantially reduced growth rate under Fe-limit condition (the 
highest of 97 cell mL-1 d-1 at 8th day). Proteomic responses of P. parvum to Fe-
limitation were also studied for understanding the strategies of marine microalgae 
that the organism employ in order to maintain photosynthetic activity and 
productivity. Under Fe-limit condition, P. parvum was found to up-regulate eleven 
proteins, which were identified by matrix-assisted laser desorption-ionization-time 
of flight-mass spectrometer (MALDI-TOF-MS) analysis. Results showed that P. 
parvum increases the biosynthesis of several proteins associated with photosystem II 
(PSII), which is assumed to be a strategy of the microalga in order to cope with the 
Fe-limitation. The up-regulation of chloroplast ATP synthase biosynthesis would be 
a strategy of the microalga to meet the cellular energy under Fe-limit condition. 
Thus, microalgae alter the biosynthesis of several photosynthetic proteins in order to 
sustain Fe-limit condition.  

